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© Optical system for fingerprint Imaging. 

includes a platen area on one face for receiving a ftnge r » oe image □ g 

enters the platen prism through a second face and is totally ^^^°^^' ism receive s the light 
in the regions where ridges of the finger directly contact *e ptoten P ™ oms a fingerp S n t 

from the platen prism. An objective lens ™™ s *° 

image on a light detector. The geometry and placement of the J»«WJ^J ^ the |aten 

are selected to reduce defocussing of the fingerprinMma* detector such as a 
area with respect to the axis of the objective lens The Ugh ™Z *Z Preferably, the 

IXXZEZ Setf ratio' of the light sensitive cells which form the area array detector. 
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EP 0 308 162 A2 
OPTICAL SYSTEM FOR FINGERPRINT IMAGING 



Background of the Invention 

Optical systems have been developed for the purpose of optically recording an image of a fingerprint. 

5 One type of system includes a stationary transparent arcuate optical platen for receiving a finger and a 
moving light source which scans the optical platen so as to generate a fingerprint image. U.S.P. No. 
4.537,484 entitled "Fingerprint Imaging Apparatus" discloses such a mechanical scanning arrangement. A 
second type of system typically utilizes an optical platen in the form of a prism. A finger to be imaged is 
placed on one surface of the platen prism and the prism is internally illuminated. Light is then scattered at 

to those locations on the prism surface where the ridges of the fingerprint make direct contact with the 
surface. A typical optical system utilizing a platen prism is disclosed in U.S.P. No. 3,527,535 entitled 
"Fingerprint Observation and Recording Apparatus". 

One advantage of the second type of optical system over the first type is that there are no moving 
mechanical parts. However, it is more difficult to acquire a sufficiently large fingerprint image from a platen 

15 having a planar surface as opposed to an arcuate surface. In order to obtain a fingerprint image utilizing a 
planar platen of sufficient quality for fingerprint verification and the like, it has been necessary to utilize a 
relatively complex optical system. Such systems are inherently high in cost and cannot easily be 

implemented in compact form. 

The present invention overcomes the above-noted shortcomings of conventional optical systems for 
20 fingerprint imaging. The fingerprint is imaged without the use of a mechanical scanner. Moreover, the image 
is of sufficient quality for use in fingerprint verification applications without the need for complex and high 
cost optical elements. Furthermore, the subject system can be readily configured in a compact package. 
These and other advantages of the subject invention will become apparent to those skilled in the art upon a 
reading of the Description of the Preferred Embodiment together with the drawings. 

25 

Summary of the Disclosure 

An optical system for fingerprint imaging is disclosed. The system includes a platen prism having a 
30 platen area on the face thereof for receiving a finger to be imaged. The platen prism is internally illuminated 
through another face by a light source, such as a light emitting diode, with light from the source striking the 
platen area at an angle of incidence sufficiently large to cause the light to be totally internally reflected. 

When a finger Is positioned on the platen area, internal reflection is frustrated in those areas where the 
ridges of the finger make direct contact with the surface of the prism. Thus, the light reflected at the platen 
35 surface will form a fingerprint image. 

The reflected light exits the platen prism through a third prism face. The axial principal ray of the 
reflected fingerprint image is tilted with respect to the prism surface so as to defocus the image near the 
image edges. A correction prism is provided which includes a pair of faces which form a correction angle. 
Light from the platen prism enters the correction prism through one face and exits through the second face. 
40 The system further includes a light detector such as a charge coupled device (CCD) array. An objective 
lens is provided for receiving light from the correction prism and for forming a fingerprint image on the light 
detector. The objective lens defines an optical axis, an entrance pupil and an optical plane which is normal 
. to the optical axis and positioned at the entrance of the objective lens. 

The correction prism, in combination with the platen prism, function to equalize the effective optical 
45 path lengths of the principal rays originating from different points on the platen area of the platen prism to 
the optical plane of the objective lens. This may be accomplished by selecting a correction prism angle and 
the relative positions of the two prisms so as to reduce the difference in effective optical path lengths. 
Preferably, the difference in effective optical path lengths from opposite edges of the platen area to the 
objective lens optical plane are reduced to less than 5% of the average optical path length. Thus, 
so defocussing created by the tilting of the fingerprint image exiting the platen prism is reduced. 

In a preferred embodiment, the correction prism angle and relative position of the two prisms are also 
selected to form an image on the light detector having a predetermined desired aspect ratio. The correction 
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prism functions to provido anamorphlc magnification (magnification along a si ^ 
imaoe asoect ratio In the event an array detector comprised of an array of light sensitive ce Is s utilized 
iriSoTthe image can be adjusted to match the cell aspect ratio so that the fingerpnnt image will 
be uniformly sampled by the array detector. 

s 

Brief Description of the Drawings 

Figure 1 is a perspective view of the subject optical system with a portion of the housing cut away to 
10 show the arrangement of the internal optical elements. 

Figure 2 is a top plan view of the subject optical system, with the top of the housing cut away 
Figure 3 is a side elevational view of the subject optical system, with a side of the housing cu away^ 
Figure 4 is a schematic diagram of the optical system, with the image folding m.rrors and light source 

,s ^'^Figure 5 is a simplified block diagram of the electronic circuitry associated with the subject optical 
system. 



Description of the Preferred Embodiment 

10 Referring now to Figures 1-3 of the drawings, a preferred embodiment of the subject °P«<^yjtemfor 
finaerorim ima Q rg may be seen. Many conventional features, well known in the art. such as to the sfructure 
?or3nti^^ comprise the subject optica, system have been deleted so as 

not to obscure the true nature of the invention in unnecessary detail. 

25 The components which make up the system are mounted in housing 10. The system includes ^ a source 
of diffused monochromatic light A Ught Emitting Diode (LED) 22 generates red m™*^ 
me axial principal ray of the light represented by line 24. The wave length of the ght .n the presently- 
embodiment is 660 nm * 10 nm. A GaAIAs LED with a typical radiant intensity of 3000 mod along 
Z central axis has been found suitable for the present application. One such LED .s marketed by Tosh.be 

30 ^!^S^Z^ front of LED 22. Diffuser 26. which is preferably opal glass, 
fseeives an evenlv illuminated spot of light having a diameter of about 3 mm. 

TLZZ ^ 28 is positioned along the optical axis for collating the diffused Ugh 1 provid ed by 
diffused. The relative spacing of the optical components in the presently-preferred ^d'ment of tiie 

35 s^em are set forth in the Figure 4 schematic diagram. Lens 28. which can be a low-cos M£ 
is has a focai length of 22 mm and is positioned such that diffuser 26 is located in the focal plane of the 
tens' Accordingly, thTrays through the center of the illuminated spot on diffuser 26 are approx.mately 
Z^eX Zs ex« lens 28 The beam of collimated light produced by lens 28 has a d,ameter of 25 

M m \ olaten prism generally designated by the numeral 14. is located along the optical axis of the 
collimaSTghr?Sen Prism 14 is a trapezoidal prism, preferably made of acrylic plastic, which s mounted 
^a rectangular opening 12 in housing 10. Plastic is preferably over glass since glass has been found to be 
Z^STrZZot fingerprint! Prism 14 includes a peripheral flange 20 for mounting purposes. A 
rubber grommet 1 7 is utilized for securing prism 1 4 in the housing. ^ ^ . , 

45 As can best be seen in Figure 3, grommet 17 includes an external peripheral notch (not designated) for 
engalnfthe Hp of housing 10 and an internal peripheral notch (not designated) for receiving flang 20_ 
Grommet 17 defines a platen area on platen surface 18 for receiving afinger 16 to be 17 
includes raised members 17a extending away from housing 10 which function as guides or the finger 
As shown in Figure 3. platen prism 14 has an entrance face 14a which is normal to pnncipal ray 24. 

50 Entice Z 14a forms an" angle'of 38.5 degrees with the horizontal platen surface 18 at the top of *e 
pZ The rays strike platen surface 18 at an angle of incidence of 51.5 Jj-JT*"^ ! 
critical angle of 42.2 degrees for an air/acrylic interface. Accordingly, total internal reflection of the rays 

° CC mln U a rf finge 1 M6 is placed on the platen area of surface 18. the ridges of the finger directly contact the 
55 p.ateTsu^ intact causes Siose rays striking the ridges to be frustrated L there y ^ preventing 
Krnal reflection. Those segments of finger 16 intermediate the ridges do not ^"^^ 
therefore liqht in the areas below the segments will still be reflected. As a result, the light which is reflected 
* Carafe 18 under the platen area forms an image of the fingerprint. Point B (Figure 3) represents the 
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location on the platen area at which principal ray 24 is reflected. 

The light reflected at surface 18 exits prism 14 through exit face 14b. exit face 14b defines an angle of 
73.3 degrees with respect to platen surface 18 of the prism. The platen area on surface 18 imaged by the 
subject system is 19 mm square. 

s Grommet 17 permits platen prism 14 to be slightly displaced downward when finger pressure is applied 
to the platen surface 18. A pressure-actuated switch (not depicted) senses finger pressure and causes the 
imaging process to be initiated. Grommet 17 also permits prism 14 to be easily replaced. 

The light reflected at the platen area of surface 18 exits prism 14 at an angle of 39.8 degrees with 
respect to the normal of surface 18. Thus, the fingerprint image formed at surface 18 will appear tilted. As 

io will be subsequently described in greater detail, a correction prism, generally designated by the numeral 
30, is provided for removing the image defocus created by the tilting of the fingerprint image. Correction 
prism 30 also provide magnification of the fingerprint image along one axis so that the finger will be 
uniformly sampled by the light detector. 

The objective lens of the system, generally designated by the numeral 38, is located within housing 10, 

is adjacent platen prism 14. The optical axis of lens 38 is parallel to the optical path formed by lens 28 and 
prisms 14 and 30. In order to minimize the size of the disclosed optical system, the objective lens of the 
system is positioned adjacent platen prism 14. The optical axis of lens 38 is offset from the optical path 
formed by lens 28. Accordingly, the rays exiting correction prism 30 must be folded around to permit 

objective lens 38 to be mounted as shown. 
a> A set of three mirrors 32, 34 and 36 are used for folding the rays so as to bend the optical path 180 

degrees and to offset the optical path. Mirrors 32. 34 and 36 are preferably front surface aluminized mirrors. 

First mirror 32 (Fig. 3) reflects the rays exiting correction prism 30 at an angle of 45 degrees with respect to 

platen surface 18. The plane of reflection is the same as that of the incident rays. Second mirror 34 is 

mounted such that the rays are then reflected orthogonally from the plane of rays from exit face 30b of 
25 prism 30. Finally, the third mirror 76 reflects the rays parallel to platen surface 18 and parallel to the plane 

of rays from exit face 30b. Preferably, second mirror 34 is adjustable so as to permit correction of slight 

errors in the positioning of the remaining optical elements of the system 

Objective lens 38 includes a cylindrical housing 40 co-axial with principal ray 24 reflected by mirror 36. 

The lens includes a pair of lens elements 42 and 44 and an aperture stop 46. Objective lens 38 provides a 

30 magnification of 0.33. . 

A Charge Coupled Device (CCD) area array 48 is positioned to receive light from objective lens 38. A 
low cost CCD array having 384 x 490 light sensitive cells which are at a spacing of I7.0um x 10.0um may 
be used for this application. A CCD array meeting these specifications is marketed by Sanyo under the 
designation LC9921 . 

35 As previously noted, correction prism 30 functions to remove image defocus created because the axial 
principal ray 24 of the image is tilted with respect to the platen area on surface 18. Accordingly, the 
effective optical path lengths of the principal rays of light reflected at different locations on surface 18 to the 
objective lens will not be the same. The term principal ray refers to light rays leaving a particular point on 
the platen area of surface 18 which passes through the center of the entrance pupil (or the aperture of stop 

40 46) of objective lens 38. The axial principal ray 24 is the principal ray leaving the center of the platen area 
(point B) on surface 18. The axial principal ray 24 aligns with the optical axis of lens 38 and terminates at 
the center of the fingerprint image formed on CCD array 48. The term effective optical path length, as used 
herein, is the total length of the optical path normalized to air. By way of example, the section of the path 
through prism 14 is divided by the index of refraction of the prism (1.49) so as to normalize that section to 

45 air. 

The foregoing can be further illustrated by reference to the schematic diagram of the subject optical 
system in Figure 4. The light source (LED 22) and folding mirrors 23. 24 and 36 are not depicted. The 
various linear dimension are in millimeters (mm) and are referenced to either the horizontal or vertical axes 
of the figure unless otherwise depicted. The angles of the respective prism surfaces are referenced to the 

so normal of the prism surface and the horizontal axis. 

The light from diffuser 28 is shown broken down into three bundles of light rays for purposes of 
illustration. The bundles include marginal bundles 52a and 52c and axial bundle 52b. Bundles 52a and 52c 
strike opposite edges of the platen area on surface 18 designated as points A and C. respectfully. Axial 
bundle 52b strikes the center of the platen area designated as point B. 

55 ' Since the angle of incidence of bundles 52a, 52b and 52c is greater than the critical angle, the light will 
be totally internally reflected unless frustrated by a fingerprint ridge. The reflected light at surface 18 which 
forms the fingerprint image exits the prism at points D, E and F on face 14b. Thus, the fingerprint image 
viewed at face 14b will be tilted with respect to platen surface 18. 
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In the absence of correction prism 30, the fingerprint image exiting prism 14 will be ^oax** atthe 
a Hnl* farautt the imaae is tilted. The resultant difference in effective optical path lengths of light bundles 
Sryr?A^^« will be negligible provided the lens is iocated a substantia. 
S HtmZil order to reduce the size of the system, it is necessary to place the objective Mens 
*^closXrism 14. in that event, the deference in optica, path lengths in comparison to the average 
Dath lenath will be large and substantial defocus will result. 

Onetnction of correction prism 30 is to reduce the difference in effective optica pam lengths of the 
rays which fo^m the fingerprint Image. The light path of concern begins at ■«« « - J™ 4 en^ end 
at an optical plane 41 located at objective lens 38. Optical plane 41 is normal to the optical axis of the lens 
and positioned at the entrance point of the lens. n 

Se correction prism angle defined by the respective faces 30a and 30b of correct! on prism 30. 
toaetiier wTtiVe orientation of the correction prism with respect to platen prism 14 are selected *> as to 
SC^eL*. optica, path lengths of the light which form the fingerprint 
difference in effective optical path lengths of the light emanating from opposite edges A and I C of thep^en 
area on surface 18 to optical plane 41 of objective lens 38 is less than 5 percent of the average effective 

0Pti ? S Sndtnc«on of correction prism 30 is to provide anamorphic (magnification along a single axis) 
mao^Son oTtiTe fingerprint image The axis of magnification is norma, to the line of intersection of the 
pSs^ch lie on prism .faces 30a and 30b. Such magnification ensures that the fingerpnnt Image at 

nV.fght U seS SKSSSSft arrays have a non-uniform spacing As piously note. 
CCD 48 has a cell spacing of I0um by 17um with such spacing providing a cell aspect ratio of 059 
So^^ThtSe Ug of the piaten area on which the ~ JJJ^Ti *JE5S* 
souare In the presently-preferred embodiment, the sampling spacing of the fingerprint is selecteo at 
50 £m by SO^u which corresponds to a unity aspect ratio. The platen area is also square and measures 
19mm by 19mm. Thus, the image aspect ratio is unity. 

As also previously noted, it is desirable that the fingerprint image formed at the platen area be 
uniformly Lpted by the CCD array. Otherwise, the resolution of the image will be dependen upon the 
oriSonTSe finger when it is placed on the platen. Correction prism 30 function, Mo prov.de 
^Serion along a single axis so as to modify the aspect ratio of the ^Tl fi 3nTi^ ^ 
matches the cell aspect ratio of the CCD array. If the two ratios are matched, the fingerpnnt image ► will be 
unS sampled by the array, even though the array cells have an aspect ratio other than unrty (non- 

""''Te^ection prism angle together with the orientation of the correction prism with respect to the 
piate^nZ 2n be' seiected to provide the desired anamorphic magn fficatio^ ^^ff^^ 
embodiment, the angle and position are selected to provide a magnification of 0.59 Thus, the s*e oHhe 
image between edges A and C on the finger receiving platen area is reduced by a factor of O^ The^me 
Se ^ orientation simultaneously provide the desired defocussing correction by equ^ng Jhe effective 
Tptical path lengths. A correction prism angle of 34.4 degrees, with entry face 30a posrt toned I**""*"* 
8? degrees with respect to surface 18 of prism 14, provide the des.red defocussing correction and 

anamorphic magnification for the Figure 4 system. 

Correction prism 30 permits the aspect ratio of the fingerprint image to be selected to match tiiat of the 
ceite^S o^the CCD array 48. The objective lens 38 magnification is selected so that the fingenpnnt 
Sl^edX theobj^e lens on the array matches the dimensions of the light sens,tive .cells o tiie 
; ™ Si oWective lens magnification of 0.33. along with the anamorphic magnrfication of 0.59, tor the 
^2m depS in Figure 4 9 reduces the desired sampling size of the finger platen area of SO^um by 
50.2um to correspond to the array at spacings at 17.0um by 1 O.Oum. 

The use of prisms with broad-spectrum light, such as from an .r^andescerrt lamp,j ^"J? 
chromatic aberrations. Since the light provided by LED 22 is monochromatic, mese ^™****^ s 
, The piously mentioned device selected as LED 22 has a very tight output beam. The diffuser 28 spreads 
2 C "n oTel iilumination over the condenser lens 28. The use of tens 28 makes effident^e of 
Z fight from LED 22 by refracting the light from the illuminated spot on toe f^^J^^t 
rays through the fingerprint image. This causes a much greater proportion o toe light fron . LED 22 to 
SibuTe ?o the fingerpnnt image than if the image were illuminated by diffuse fight from ail angle* 
5 In addition to the defocussing of the fingerprint image on the detector 48 due to toe tilt of the platen 
area on suSe 28 with respect to the axial principal ray 24 at the surface, there is distortion caused at toe 
eZ To ti* Lege if the principal rays for the edges are not parallel to the ™J 
Smon Z belminated by phoning the objective lens a long distance from the prisms, such that the 
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Drincioal rays through the lens 38 are all roughly parallel. Such an approach would increase the size of the 
SSTl E prefel to design objective lens 38 with an entrance pupil at a far distance from the pnsms. 
ZmtmS^Zm near the prisms. The entrance pupil of lens 38 is defined as the image of aperture 
C^as "Led from the object side of the lens. Such an entrance pupil is referred to herein * , . .remote 
entice pupil because the pupil is located to the image side of objective lens 38 and is outs.de the en* 
The entrance pupil is specified for lens 38 at 130 mm behind the front surface of the lens Th.s hints the 
dHtaw^£* for the principal rays for the marginal bundles 52a and 52c from the ax.al pr.nc.pal ray 
52c at 4 degrees, which adequately reduces the distortion. In most applications, the angle should be less 
than 10 degrees. A currently preferred objective lens 38 is specified in Table 1 . 

Table 1 
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* Object Lens Specification 


Pupil Effective Entrance 


12.5mm x 19.2mm @ 250 mm 


Magnification 


0.334 


Clear Front Aperture Diameter 


20.7mm 


Front Vertex To Image Spacing 


120mm 


Design Wavelength 


660nm (no color correction) 



Lens elements 42 and 44 of objective lens 38 are preferably plastic aspheric elements. The parameters 
for the four surface 42a, 42b, 44a and 44b of lens elements 42 and 44 are set forth in Table 2. 

Table 2 
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Surface 


Radius 


Conicity 


42a 


14.57mm 


•0.582 


42b 


26.87mm 


0 


44a 


flat 


0 


44b 


-24.38mm 


-6.360 



The high effective f/number of lens 38 relaxes the tolerances on focusing, aberrations and I portion. 
The aperture of stop 46 is narrower in the plane of refraction through prisms 14 and 30. Aberrations related 
to the diameter of a light bundle at a surface are worse in the axis where refraction occurs than m the am 
where the surface is normal to the light The dimensions of the aperture of stop 46 are 1.3mm x 2.0mm. 
This results in an effective f/number for the lens 38 of f/20 x f/1 3. 

The exact dimensions and designs of the system were obtained with the use of an optical design 
program which optimized the lens prescriptions and the angles and placements of the pnsm to. obte. an 
optimum compromise between distortion and blur size of the fingerprint image while m.n.m.z.ng the see 
2d complexity of the elements. Thus, the embodiment was configured according to the , reasons^ prided 
previously, but the final selection of element prescriptions were based on opt.rn.zat.on of all factors on the 
Lsis of simulated measurements of distortion and blur size. Embodiments with differences in thewe-ght 
put open the simulation measurements to be optimized results in different prescriptions for the elements 

although the configuration will stay similar. „„«„ a i 
Referring now to Figure 5. a block diagram of the control apparatus for use w.th the subject opted 
system is depicted. The components which make up the control apparatus are preferably mounted on one 
or more circuit boards which are located within housing 10. A suitably-programmed microprocessor 58 
operates in conjunction with a control unit 54 for performing an imaging operation. The operation is 
commenced when pressure sensitive switch 84 is actuated by depression of platen prism 14. Cojro. arcurt 
54 notifies process 58. as represented by status line 62. Processor 58 responds by causmg the control 
circuit to energize LED 22 by way of drive circuit 56. 

Control circuit 54 also turns on CCD timing circuit 64 which prov.des timing signals for the CCD array 
through drive 68. A timing circuit marketed by Sanyo under the designation LC9902 is surtable for th.s 
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application. The CCD array is scanned at a standard 30 frames/second which determines the integration 

time for each frame. . ^ ' 

The analog video data out of the CCD array is transferred to a sample and hold circuit 70. The sample 
and hold circuit contains a voltage which corresponds to the light level of an individual CCD cell and 
s represents what is sometimes referred to as a pixel (picture element). D.C. restore circuit 72 functions to 
provide an offset voltage which sets the black reference level when the masked (dark) cells of the CCD 

array are scanned. . 

The video signal from the D.C. restore circuit is digitized by a flash A/D converter. The digitized data for 
each pixel are then forwarded to the processing unit 58 by way of driver 80. Unit 58 then stores the video 
w data or processes the data further for the propose of comparing the fingerprint image data with stored data 

for identification, verification and the like. 

Thus, an optical system for use in a fingerprint imaging apparatus has been disclosed. Althougn a 
preferred embodiment of the system has been described in some detail, it is understood that obvious 
variations can be made without departing from the spirit and scope of the invention as defined by the 
ts appended claims. 



Claims 

20 1 . An optical system for fingerprint imaging comprising: 
light means for producing a source of light; 

a platen prism having first, second and third faces, with said second face having a rectangular-shaped 
platen area for receiving a finger to be imaged, with said area having first and second opposite edges 
generally parallel to the line of intersection of the planes defined by said second and third faces, and with 

as said light means and said platen prism being positioned relative to one another such that light from said 
light means enters said platen prism through said first face, strikes said second face at an angle of 
incidence greater than a critical angle determined by the respective indices of refraction of said prism and a 
medium adjacent said second face so that light is internally reflected at said second face which exits said 
platen prism through said third face, with light reflected from said platen area on said second face forming a 

oo fingerprint image when a finger is positioned on said platen area; 

an objective lens having an optical axis, an optical plane at an entrance of said objective lens normal to said 

optical axis and an entrance pupil; 

light detector means for detecting light provided by said objective lens; 

a correction prism, intermediate said platen prism and said objective lens, having fourth and fifth faces 
as which define a correction prism angle therebetween, with said correction prism angle and the relative 
positions of said correction prism and said platen prism being selected such that light from said third face 
of said platen prism enters said correction prism through said fourth face and exits from said fifth face and 
is received by said objective lens and further selected so that a difference in effective optical path lengths 
of principal rays of light reflected at said first edge of said platen area and said second edge of said platen 
40 area to said objective lens optical plane is reduced. 

2. The optical system of Claim 1 wherein said difference in effective optical path lengths is reduced to 

less than 5% of the average path length. 

3. The optical system of Claim 2 wherein said correction prism angle and said relative positions of said 
correction prism and said platen prism are also selected to produce anamorphic magnification of said 

« fingerprint image along a first axis normal to said first and second edges of said platen area. 

4. The optical system of Claim 3 wherein said light detector means includes an area array detector 
comprised of light sensitive cells, with said cells arranged with respect to one another so as to have a 
predetermined cell aspect ratio and wherein said anamorphic magnification is selected such that said 
fingerprint image has an image aspect ratio at said optical plane which matches said call aspect ratio. 

so 5. The optical system of Claim 4 wherein said cell aspect ratio is other than unity. 

6 The otpical system of Claim 4 wherein said area array detector is a charge coupled device array. 

7. The optical system of Claim 4 further including an aperture stop intermediate said objective lens and 
said area array detector. 

8. The optical system of Claim 4 wherein said aperture stop includes an asymmetncal aperture with tne 
55 height of said aperture along said first axis of anamorphic magnification being less than the width of said 

aoerture 

9. The optical system of Claim 2 wherein said light produced by said light means is substantially 
monochromatic light. 
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10. The optical system of Claim 9 wherein said light means Includes a light emitting diode. 

11. The otpicai system of Claim 10 wherein said light means inlcudes a condenser lens intermediate 
said light emitting diode and said platen prism. 

12. The optical system of Claim 11 wherein said light means includes an optical diffuser disposed 
5 between said light emitting diode and said condenser lens. 

13. The optical system of Claim 12 wherein said condenser lens is a fresnel lens and light existing said 

fresnel lens is collimated light. 

14. The optical system of Claim 13 wherein said fresnel lens, said platen prism and said correction 

prism are plastic. 

io 15. The optical system of Claim 2 wherein said objective lens entrance pupil is a remote entrance pupil. 
16. The optical system of Claim 15 wherein the distance between said remote entrance pupil and the 

said fifth face is sufficient to reduce an angle between said principal rays from said first and second edges 

with respect to an axial principal ray from a point on said platen area equidistant from said first and second 

edges to less than 10 degrees. 
75 17. An optical system for fingerprint imaging comprising: 

light means for producing a source of light; 

a platen prism having one face that includes a platen area for receiving a finger to be imaged, with said 
light means and said platen prism being positioned relative to one another so that light enters said platen 
prism and is internally reflected at said platen area on said one face so as to produce a fingerprint image 
20 when a finger is positioned on said platen area; 

a correction prism positioned for receiving said fingerprint image directly from said platen prism; 
an area array light detector; and 

an objective lens positioned so as to receive light from said correction prism and to form said fingerprint 
image on said area array light detector.. 
25 18. The optical system of Claim 17 wherein said light means includes a light emitting diode which 
provides substantially monochromatic light. 

19. The optical system of Claim 18 wherein said light means includes a fresnel lens and a light diffuser 
intermediate said fresnel lens and said light emitting diode. 

20. The optical system of Claim 19 wherein said fresnel lens, said platen prism and said correction 

30 prism are plastic. 

21 . The optical system of Claim 1 7 wherein said correction prism includes a pair of faces which form a 
correction prism angle, wherein said correction prism angle and the relative positions of said platen prism 
and said correction prism are selected such that defocussing of said fingerprint image formed on said area 
array detector is reduced. 

35 22. The optical system of Claim 21 wherein said area array detector includes an array of fight sensitive 
cells arranged with respect to one another to provide a predetermined cell aspect ratio and wherein said 
correction prism angle and said relative position of said platen prism and said correction prism are further 
selected such that said fingerprint image formed on said array has an aspect ratio which matches said cell 
aspect ratio. 
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which form the area array detector. 
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